Introduction
Magnesium-based alloys, as the lightest structural metal materials, are widely used in many engineering areas due to high specific strength, good damping properties, and excellent thermal and electrical conductivity [1] [2] [3] [4] . However, because of their low tensile and yield strength which is difficult to meet the requirement of high-performance parts or components, the practical use of magnesium alloys are still far less than that of aluminum alloys. So, it has great significance to research and develop high strength magnesium alloys. While the strength of magnesium alloys prepared by traditional methods are not high enough, or they contain a lot of expensive rare earth elements, more and more attentions are paid to new materials preparation technologies [5] . The rapidly solidification (RS) processing yields structural modification such as reduction of segregation, grain refinement, increasing solid solubility and the formation of non-equilibrium phases, which got outstanding performance [6] [7] [8] . As a unique material preparation technology, the RS powder metallurgy (P/M) technology can obtain matrix of super fine grain and dispersing nano-sized precipitated phases and improve sharply the mechanical properties. The emergence of RS P/M technology opens a new road for the research and development of super-high strength magnesium alloys [8] [9] . The RS P/M method have been investigated for magnesium alloys, resulting in remarkable improvement in strength [10] [11] [12] [13] [14] .
At present, the RS powders are usually prepared by atomization method [10] . In this paper, the RS powders are prepared by RS ribbons and high energy ball milling. The cooling speed of the RS ribbons is higher than that of the atomization method. The difference of the saturation solid solubility of tin (Sn) in magnesium (Mg) at high temperature and low temperature is great, which benefit the RS processing. Mg 2 Sn phases are heat-resistant phases, and Mg-Sn alloy is potential for applications at elevated temperatures [15] [16] [17] , where Mg-5Sn alloy is the best [18] . It has no research of the RS P/M Mg-Sn alloys until now. The aim of the paper is to investigate the microstructure and mechanical properties of RS P/M Mg-5Sn binary alloy.
Experimental
The Mg-5Sn alloy powders were prepared by the rapidly solidified (RS) ribbons and high energy ball milling (SPEX 8000M). Firstly, the RS ribbons of Mg-5Sn alloy were prepared by a single-roller melt spinning at a circumferential speed of 20 m·s -1 under the protection of argon. The average thickness of the RS ribbons are 0.15 mm. Secondly, the RS ribbons were cut into 2-3 cm and crushed by a high energy ball milling under argon protection. Finally, the alloy powders were acquired and sieved to less than 100 µm. The alloy powders were hot extruded to metal bars (diameter: 4 mm) at 573 K by a hot extruding machine.
The metallographic specimens were polished and etched with a solution of 4 vol.% nitric acid + ethyl alcohol. The microstructure and fracture analysis were observed with scanning electron microscope (SEM, JEOL, JSM-6490LV) and transmission electron microscopy (TEM, JEOL 2100F). Thin foils for TEM were prepared by ion-beam thinning technique at a voltage of 3.0 keV and incident angle from 8° to 4°. The overall phase structures of the test alloys were analyzed using X-ray diffraction (XRD, Dan Dong Fang Yuan, DX-2006) with Cu K α radiation. The tensile tests were conducted at room temperature on an electro-universal testing machine (Instron5569) with a crosshead speed of 2.4 mm·min -1 . SEM micrographs of the RS P/M and as-cast alloys and TEM micrographs of the RS P/M alloy are shown in Fig. 2 . It is found that there are the eutectic structure (α-Mg+Mg 2 Sn), devoiced eutectic Mg 2 Sn, and second precipitated Mg 2 Sn in the as-cast Mg-5Sn alloy in Fig. 2(a) [18] . However, the RS P/M Mg-5Sn alloy is composed only of primary α-Mg matrix and Mg 2 Sn particles dispersed equably, combined with Fig.1 . The sizes of the Mg 2 Sn are 75 to 500 nm and the average size is about 187 nm in Fig. 2(c) . The submicron structure appears in the Mg matrix of RS P/M alloy in Fig. 2(d) and the size is about 200 nm. Fig. 3 shows the stress-strain curve of the RS P/M and as-cast Mg-5Sn alloys at room temperature. It can be seen that the tensile strength, yield strength and elongation of RS P/M and as-cast Mg-5Sn alloys are 342.8 MPa, 337.5 MPa, 6.5% and 108.7 MPa, 39.6 MPa, 7.2%, respectively. Compared with the as-cast Mg-5Sn alloy, the tensile strength and yield strength of the RS P/M alloy increase obviously by 215.4%, 752.3%, respectively, and the elongation decreases by 9.7%. Fig. 3 Stress-strain curve of the RS P/M and as-cast Mg-5Sn alloys at room temperature Fig. 4 shows the SEM tensile fracture micrographs of the RS P/M and as-cast alloy at room temperature. The as-cast alloy shows quasi-cleavage fracture in Fig. 4 (a) . Compared with the tensile fracture micrograph of the as-cast alloy, the obvious dimples can be found in the tensile fracture of the RS P/M alloy in Fig. 4 (b) , which explains that the fracture mechanism is different. Samples with smaller grain sizes showed no uniform elongation and limited ductility [19] . Combined the decline of elongation in the RS P/M alloy and the transformation of the fracture mechanism, it is suggested that the grain size of the RS P/M alloy is abnormal finer. The existent form and distribution of the alloying element in the metal matrix decide its role. The quantity of Mg 2 Sn phases in the RS P/M alloy are obviously more than that in the as-cast alloy, and the Mg 2 Sn particles are finer and distributed homogeneously, as shown in Fig. 1 and Fig. 2(a & b) . On the basis of Orowan theory, the strength is inversely proportional to the distance between precipitates and directly proportional to the second phase particle size, so the dispersion strengthening effect is stronger than that in the as-cast alloy. The grain size of the RS P/M alloy is finer than that of the as-cast alloy. According to the refinement and Hall-Petch equation, the refinement strengthening effect is stronger than that in as-cast alloy, especially for the increase of the yield strength. The submicron structure appears in the RS P/M alloy which may enhance the strength, as shown in Fig. 2 (d) . The sharp increase of tensile strength and yield strength may be a comprehensive effect of fine dispersed Mg 2 Sn phase strengthening, α-Mg fine-grained strengthening and submicron scale strengthening in the α-Mg matrix.
Results and Discussion

Summary
The rapidly solidified powder metallurgy (RS P/M) processing improve the microstructure of the Mg-5Sn alloy, resulting in finer (about 187 nm) and uniformly distributed Mg 2 Sn, finer α-Mg grains and submicron structure (about 200 nm), compared with that of as-cast Mg-5Sn alloy. The tensile strength, yield strength and elongation of RS P/M Mg-5Sn alloy are 342.8MPa, 337.5MPa and 6.5%, respectively. Compared with the as-cast alloy, the tensile strength and yield strength increase by 215.4% and 752.3%, respectively, and the elongation decreases by 9.3%.
